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Abstract
General two Higgs doublet models suﬀer excessive ﬂavor changing neutral currents (FCNC) mediated by the neu-
tral Higgs. A way to avoid this problem is to impose a discrete symmetry of type Z2. However, it is known that
spontaneously broken discrete symmetries can lead to the problem of domain walls, as indeed happens in the case of
the 2HDM. In this work we review the consequences of the substitution of the Z2 symmetry by a new U(1)H gauge
symmetry, associated with the Higgs ﬂavors, in which H1 and H2 have diﬀerent charges of the U(1)H group.
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1. Introduction
The scalar sector of the Standard Model (SM) has
just one scalar doublet. However there is no fundamen-
tal reason for this doublet to be the only one. In other
words, there is no reason not to consider the existence of
other Higgs ﬁelds. Conventional 2HDM add one Higgs
doublet to the SM [1]
Φi =
⎛⎜⎜⎜⎜⎜⎜⎜⎝
ω+i
hi + izi√
2
⎞⎟⎟⎟⎟⎟⎟⎟⎠ ; i = 1, 2. (1)
It is assumed that Φ1 and Φ2 have all the same
SU(2)L ⊗ U(1)Y quantum numbers. The most general
Yukawa Lagrangian is given by,
LY2HDM = −[Q¯L(Yd1Φ1 + Yd2Φ2)dR + Q¯L(Yu1Φ˜1
+ Yu2Φ˜2)uR + L¯l(Ye1Φ1 + Ye2Φ2)eR]
(2)
and the most general potential is
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V = m21|Φ1|2 + m22|Φ2|2 +
λ1
2
|Φ1|4 + λ22 |Φ2|
4
+ λ3|Φ1|2|Φ2|2 + λ4|Φ†1Φ2|2 +
1
2
[λ5(Φ
†
1Φ2)
2
+ λ6|Φ1|2Φ†1Φ2 + λ7|Φ2|2Φ†1Φ2 + h.c]
− (m23Φ†1Φ2 + h.c).
(3)
The physical spectrum is comprised of two CP even
scalars h1 and h2, one CP odd scalar A and a charged
H±. In these models, FCNC processes mediated by
h1 and h2 appear at tree level generating decays of the
type hi → μe. Also in the hadron sector Flavor Chang-
ing Neutral Current processes at tree level appear, gen-
erating leading order contributions to the meson anti-
meson oscillations. Nevertheless, it is known experi-
mentally that these decays and oscillations are strongly
suppressed.
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2. 2HDM with Z2 Symmetry
A way to avoid FCNC processes is to impose an addi-
tional Z2 symmetry. With respect to this symmetry, the
two doublets and all the others ﬁelds can transform in
diﬀerent ways (table above left)
The potential invariant under Z2 can be written as
V = m21|Φ1|2 + m22|Φ2|2 +
λ1
2
|Φ1|4 + λ22 |Φ2|
4
+ λ3|Φ1|2|Φ2|2 + λ4|Φ†1Φ2|2 + (
λ5
2
(Φ†1Φ2)
2
+ m23Φ
†
1Φ2 + h.c). (4)
Notice that the terms λ6, λ7 and m3 present in the
potential (3) are not invariant under Z2 symmetry, so
they should be eliminated. However, the Z2 symmetry
is assumed to be broken softly by the term m23(Φ
†
1Φ2 +
h.c) to avoid the domain wall problem. In this case a
pseudoscalar is part of the physical spectrum, and there
is not an extra spin 1 gauge boson.
Depending on the transformation law of quarks and
leptons under Z2, there will be diﬀerent types of models
(table 1).
In the Type-I all quarks and charged leptons obtain
their masses from the VEV of Φ2,
LYType−I = −[Q¯L(Yd2Φ2)dR + Q¯L(Yu2Φ˜2)uR
+ L¯l(Ye2Φ2)eR]. (5)
In the Type-II, the mass of the up type quarks are
generated by the VEV of Φ2, while the down type and
charged leptons acquire their masses by that of Φ1,
LYType−II = −[Q¯L(Yd1Φ1)dR + Q¯L(Yu2Φ˜2)uR
+ L¯l(Ye1Φ1)eR]. (6)
The Higgs sector of the Minimal Supersymmetric
Standard Model (MSSM) is a special 2HDM whose
Yukawa interaction is of Type-II.
3. 2HDM with Local U(1)H Symmetry
Promoting the Z2 symmetry to a U(1)H symmetry
implies the existence of an extra Zd boson. The cou-
plings of Zd are controlled by the U(1)H charges of
the SM fermions and the two Higgs ﬁelds. If Φ1 and
Φ2 carry diﬀerent U(1)H charges, the new potential is
[2, 3, 4, 5, 6],
V = m21|Φ1|2 + m22|Φ2|2 +
λ1
2
|Φ1|4 + λ22 |Φ2|
4
+ λ3|Φ1|2|Φ2|2 + λ4|Φ†1Φ2|2, (7)
which is a special case of 2HDM with m3 = 0 and
λ5 = 0. In the 2HDM with a U(1)H symmetry we can
still include and extra singlet scalar with a U(1)H charge
hΦ = h1 − h2, so that
ΔV = m2Φ|Φ|2 +
λΦ
2
|Φ|4 + μ(Φ†1Φ2Φ + h.c)
+ μ1(Φ
†
1Φ1Φ
†Φ) + μ2(Φ†2Φ2Φ
†Φ). (8)
The term μ(Φ†1Φ2Φ + h.c) will generate mass for the
pseudoscalar.
The charge assignments of an anomaly-free U(1)H is
shown in the table 2, speciﬁcally in this case of Type-I
2HDM, SM fermions can get masses only from Φ1,
LY2HDM = −Q¯L(Yd1Φ1)dR + Q¯L(Yu1Φ˜1)uR
+ L¯l(Ye1Φ1)eR + L¯l(Ye1Φ˜1)eR. (9)
This is possible if the following conditions are fulﬁlled
u − q − h1 = d − q + h1 = e −  + h1 =
n −  − h1 = 0.
(10)
4. SU(2)L ⊗ U(1)Y ⊗ U(1)X Models
The existence of the extra spin 1 gauge boson Zd im-
plies that the kinetic term in the lagrangian allowed by
the gauge symmetry is [7],
Table 1: Assignment of Z_2 parities. Table 2: Charge assignments of an anomaly-free U(1)_H model. 
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Lgauge = −14 BˆμνBˆ
μν +

2 cos(θW )
BˆμνZˆd
μν
− 1
4
ZˆdμνZˆd
μν
. (11)
The diagonalization is done by the ﬁeld redeﬁnition
”known as GL(2,R) rotation”
(
Zdμ
Bμ
)
=
⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝
√
1 − 
2
cos2(θW )
0
−
cos(θW )
1
⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠
(
Zˆdμ
Bˆμ
)
. (12)
After that, B gets Zˆd components proportional to ,
while Zd does not get any Bˆ component. The lagrangian
(11) is then diagonalized
Lgauge = −14BμνB
μν − 1
4
ZdμνZ
μν
d . (13)
After the electroWeak (EW) mixing(
A
Z0
)
=
(
cos(θW ) sin(θW )
− sin(θW ) cos(θW )
) (
B
W3μ
)
, (14)
and if only kinetic mixing is taken into account, we
ﬁnally get: Aμ = Aˆμ − Zˆdμ, Z0μ = Zˆ0μ +  tan(θW )Zˆ0dμ,
Z0dμ = Zˆ
0
dμ. The term Aμ = Aˆμ − Zˆdμ induces an extra
coupling of Zd to the usual electromagnetic current
Lint = −e(Jμem)Zdμ. (15)
In this case, Zdμ is called Dark Photon, because
fermions couple to it with an eﬀective charge (e). In
this model U(1)X is broken and Zd is massive via scalar
Higgs singlet. Phenomenology has been studied with
the assumption 10Mev < MZd < 10Gev. A mixing
among Z and Zd, parametrized by Z , is also introduced
[8]. This parameter is determined by parameters in the
scalar potential. The extra coupling of Zd to the weak
neutral current is:
Lint = −ZgZ(JμNC)Zdμ. (16)
with gZ =
g
cos θW
. In this case Z is called Dark Z,
compared to the Dark Photon, Zd has now more general
couplings.
5. CONCLUSIONS
Two Higgs Doublet Models with U(1)H extra sym-
metry are a realization of the so called SU(2)L⊗U(1)Y⊗
U(1)X models. As in conventional 2HDM there are dif-
ferent cases depending on the transformation laws of
matter ﬁelds. For the type-I 2HDM with U(1)H ex-
tra symmetry there are diﬀerent anomaly-free charge
assignments without new chiral fermions (only right
handed neutrinos). In the case (u = 0, d = 0), all
fermions are U(1)H singlets and Zd is fermiophobic and
Higgsphilic. In the case (u = 1/3, d = 1/3), we have
U(1)H = U(1)B−L and Zd is very diﬀerent from the usual
B-L gauge boson. The case (u = 2/3, d = −1/3) cor-
responds to U(1)H = U(1)Y . Anyway, diﬀerent 2HDM
can be implemented, with a rich phenomenology. For
this reason we encourage the community to study the
phenomenology of these models, and then, encourage
our experimental colleagues to include them in their
searches.
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